Background. Perioperative aspiration leads to significant morbidity and mortality. Point-of-care gastric ultrasound is an emerging tool to assess gastric content at the bedside. Methods. We performed a retrospective cohort study of baseline gastric content on fasted elective surgical patients. The primary outcome was the incidence of full stomach (solid content or >1.5 ml kg À1 of clear fluid). Secondary outcomes included:
Most of these incidents of aspiration (72%) were in urgent or emergency settings. The presence of gastric content at the time of anaesthetic induction increases the risk of pulmonary aspiration. 3 4 Preoperative fasting guidelines aim to reduce the volume and acidity of stomach contents, thus limiting both the risk of aspiration and its related morbidity and mortality. 5 These guidelines apply to healthy patients for elective surgery but may not be reliable in patients with co-morbidities that affect gastric emptying and in urgent or emergent situations. 5 6 However, even in healthy individuals, standard fasting periods may not be sufficient to ensure an empty stomach in all patients, and aspiration may complicate apparently low-risk procedures. 2 It has been suggested that at least in the emergency setting, a significant number of aspiration episodes occur as a result of failure to appreciate the true risk and to establish appropriate airway management. 2 7 Gastric ultrasound is an emerging point-of-care tool that evaluates gastric content at the bedside both qualitatively and quantitatively. [8] [9] [10] [11] [12] [13] We performed this retrospective cohort study to evaluate the incidence of full stomach in a population of fasted patients presenting for elective surgery, using bedside gastric ultrasound.
Methods
After approval by the Institutional Ethics Board of Algemeen Ziekenhuis Monica, Deurne, Belgium (OG 106, EC/271), we performed a retrospective cohort study. Inclusion criteria were as follows: age >16 yr, ASA physical status I-III, undergoing elective surgery under general anaesthesia, having followed institutional fasting guidelines (a minimum of 2 h for clear fluids, 6 h for a light meal, and 8 h for a meal that included fried or fatty food). Exclusion criteria were abnormal anatomy or previous surgery of the oesophagus or stomach, hiatus hernia, and current pregnancy. The primary outcome was the incidence of full stomach defined as the presence of solid food or gastric fluid volume >1.5 ml kg
À1
. Secondary outcomes included the distribution of gastric volume values in the entire cohort and in each antral grade subgroup and the association between gastric fullness, fasting intervals, and common co-morbidities. Anaesthetic management and incidence of aspiration were also evaluated. Data were obtained from an internal departmental database, which was queried from January 2015 to January 2016 for the following information: (i) patient characteristic variables (age, height, weight, and BMI); (ii) co-morbidities commonly associated with delayed gastric emptying [diabetes, gastrooesophageal reflux disease (GERD), and neurological disorders]; (iii) type of surgery; (iv) fasting interval for fluids and solids; (v) gastric ultrasound examination results; (vi) anaesthetic management; and (vii) aspiration events.
All ultrasound examinations were performed in the immediate preoperative period by either a staff anaesthetist with 5 yr of experience in gastric ultrasound or a resident under direct staff supervision. A previously described standardized scanning protocol was followed. 8 A curvilinear low-frequency (2-5 MHz) transducer and a Philips HD11XE (Philips Healthcare, Andover, MA, USA), a GE Healthcare Logiq E (General Electrics, Chicago, IL, USA), or a SonoSite X-porte (Fujifilm Sonosite, Bothell, WA, USA) ultrasound system were used. All patients were first scanned in the supine position, followed by the right lateral decubitus (RLD) position. The gastric antrum was identified on a sagittal scanning plane in the epigastrium. The liver anteriorly and the pancreas posteriorly were used as anatomical reference points.
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The examination was considered conclusive if the antrum was identified in both supine and RLD positions. Once the antrum was identified, the stomach was deemed 'empty' or 'full' based on a combination of qualitative and quantitative findings. The stomach was considered empty if no content was visible in either position or if 1.5 ml kg À1 of clear fluid was present. The stomach was deemed to be full if solid content was observed or >1.5 ml kg À1 of clear fluid was present. The volume of clear fluid was measured using a cross-sectional area (CSA) of the gastric antrum in the RLD and the following mathematical model: volume (ml)¼ 27.0þ(14.6ÂRight-lat CSA)À(1.28Âage). 13 14 This model was validated for non-pregnant adult individuals with BMI up to 40 kg m À2 and reliably predicts gastric volumes from 0 to 500 ml. 13 14 In addition, the antrum was classified according to a three-point grading system (Perlas grade 0-2) based on the presence or absence of clear fluid in the supine and RLD positions. 10 13 Grade 0 refers to the absence of appreciable gastric content in the antrum in both supine and RLD positions. Grade 1 refers to clear fluid that is appreciable in the antrum only in the RLD. Grade 2 refers to clear fluid that is documented in both the supine and RLD positions.
Statistical analysis
Descriptive statistics were used for continuous data. 
Results
Five hundred and thirty-eight patients were identified ( Fig. 1 ). Patient characteristics were normally distributed and are summarized in Table 1 . Patients presented for a variety of surgical procedures (orthopaedics 62.4%, abdominal surgery 11.2%, general surgery 10%, maxillofacial surgery 6.9%, gynaecology 2.8%, urology 2%, endoscopy 1.7%, and other 3%). Mean fasting times were 10.8 h for fluids and 13.9 h for solids. The ultrasound examination was inconclusive in 26 subjects. Data from the remaining 512 subjects were analysed and presented. Thirty-two
Editor's key points
• Regurgitation and aspiration of gastric content are serious complications of anaesthesia.
• Before anaesthesia, patients are usually fasted to ensure an empty stomach at induction.
• The authors used point-of-care gastric ultrasonography to assess gastric content in adults about to undergo anaesthesia.
• Six per cent had solid content or >1.5 ml kg of clear fluid despite mostly lacking risk factors for delayed empyting. Gastric content in fasted surgical patients | 365 patients (6.2%) presented a full stomach. Of these, nine patients (1.7% of the total cohort) had solid content and 23 (4.5%) had clear fluid in excess of 1.5 ml kg À1 . The remaining 480 patients had an empty stomach. Patients with a full stomach were younger than those with an empty stomach (P¼0.0033) but were otherwise similar in all other patient characteristics and comorbidities and had fasted for similar periods of time ( Table 1) . The distribution of antral grades in the cohort is presented in Table 2 and Figs 2 and 3. As expected, higher antral grades were correlated with larger antral CSA and greater gastric volume (P<0.001; Table 2 and Fig. 2 ). By definition, all patients with a grade 0 antrum had an empty stomach, while 3.2% of those with a grade 1 and 70.4% of those with a grade 2 antrum had >1.5 ml kg À1 of clear gastric secretions ( Fig. 2 and Table 2 ).
Detailed information about the last ingestion for patients found to have solid gastric content is provided in Table 3 . In addition, the individual values of gastric volume of patients with >1.5 ml kg À1 are provided on Table 4 . The anaesthetic management was changed in all nine patients who presented solid gastric content and in 16 of the 23 patients who presented large volumes of clear fluid. In patients found to have solid content, the changes included surgical cancellation (n¼1), surgical delay (n¼2), conversion to a (loco)regional technique (n¼3), or tracheal intubation with a rapid sequence induction of anaesthesia (n¼3). The changes in those patients who presented large volumes of clear fluid included delaying surgery for 2-4 h until a second examination confirmed an empty stomach (n¼10) and performing tracheal intubation with a rapid sequence induction (n¼6). There was no change to the original anaesthetic plan in the remaining seven subjects. No episodes of aspiration were documented.
Discussion
In this retrospective study, we found that 6.2% of an elective surgical population presented a full stomach (defined as solid content or fluid volume >1.5 ml kg À1 ) despite following current fasting guidelines. Patients with a full stomach were younger (by $10 yr) than those with an empty stomach but were otherwise similar in all other patient characteristics. The finding of nine patients (1.7%) presenting solid gastric content was particularly unexpected but may have been missed by earlier studies, which measured gastric volume by aspiration through a gastric tube, the diameter of which would not necessarily have allowed solid material to be aspirated readily. Three of these nine patients had underlying conditions that could explain prolonged gastric emptying (one had severe GERD [15] [16] [17] and symptoms of chronic dyspepsia, one had severe Parkinson's disease, 18 and a third one was on chronic disulfiram therapy;
19 Table 3 ). A fourth patient had fasted during the day because of religious observance and had a particularly large meal 11 h before presentation. Previous reports have suggested that the altered cycle of food intake during daily fasting practices may increase gastric acidity and peptic activity. 20 No risk factors for prolonged gastric emptying were identified in the remaining five subjects. In contrast, the finding of 23 subjects (4.5%) with larger than commonly quoted fluid volumes is not particularly new. Most studies looking at the effect of varying fasting intervals have confirmed a wide range of residual gastric volumes, both in patients having a prolonged fluid fast and after ingesting fluids within 2 h. [21] [22] [23] [24] [25] We now know that the average fasting gastric volume in healthy individuals is $0.6 ml kg
À1
, with values of up to about 100-130 ml being frequently reported. [21] [22] [23] [24] [25] In addition, the National audit by the Royal College of Anaesthetists from the UK reported gastric residues of up to 200 ml in a study on the laryngeal mask supraglottic airway in fasted healthy subjects. 2 More recently, 3.5% of 200 fasted surgical patients and 5.7% of 60 severely obese fasted patients were found to have a grade 2 antrum and fluid volumes of 2.8 (1.4) and 1.6 (0.2) ml kg
, respectively. 10 26 There is indeed a plethora of clinical human data that demonstrate that the normal baseline gastric volume is higher than that previously assumed based on animal data. Several decades ago and based on experimental observations of substances directly instilled into the tracheas of rhesus monkeys, it was postulated that the aspiration of >0.4 ml kg
($25 ml in an average human adult) increased the risk of developing pneumonia. 27 Using a similar experimental setting, a more recent publication reported that instillation of >0.8 ml kg À1 of filtered gastric secretions or hydrochloric acid (equivalent to 50 ml in the average adult human) directly into the tracheas of rhesus monkeys was more likely to result in pneumonia. 28 29 The same threshold was used by Bouvet and colleagues 12 for the diagnosis of a full stomach.
However, although these figures that stem from animal studies are widely quoted, they are not clinically meaningful definitions or thresholds. In 1998, Schreiner 29 suggested it was time to 'lay to rest the myth' created by surrogate end points, such as the 0.4 ml kg À1 of Roberts and Shirley, 27 which have 'failed to prove relevance to outcomes that matter to patients'. Even the larger volume of 0.8 ml kg À1 studied by Raidoo and colleagues 28 is clinically irrelevant. Assuming that the response in humans were similar to that in primates, these volumes represent the minimal amount of fluid required to be harmful when instilled directly into the trachea. Were this same volume present in the stomach, for pneumonia to occur, the stomach would have to empty completely, and the entirety of these contents would have to pass the vocal cords and enter the trachea. Both seem very unlikely; hence, the maximal 'safe' gastric volume can be assumed somewhat higher than the minimal volume needed to damage the lungs. What is unknown is the margin of this difference, a factor likely to vary further by active vomiting or passive regurgitation, posture, and the degree to which laryngeal reflexes are compromised. We therefore considered 1.5 ml kg À1 of gastric fluid volume to be a more realistic threshold that represents the upper end of normal baseline gastric secretions, although we still do not know if this is the correct value associated with meaningful patient outcomes.
Of the 23 patients with high baseline gastric volume, one had a diagnosis of diabetes, 30 31 one a history of GERD, [15] [16] [17] and one used cannabis daily. 32 33 A fourth patient had fasted during the day because of religious observance and had consumed a very large meal 12 h before presentation. No obvious risk factors were documented in the remaining 19 subjects with high gastric volume. As expected for a fasted population, the majority of subjects in our cohort either had a grade 0 (68.5%) or grade 1 (23.4%) antrum, which represent low-volume states. 10 26 The clinical significance of our findings may be controversial. Aspiration is much less common in elective settings than in emergencies and several hundred times more rare (0.025%) than the incidence of 'full stomach' as defined in the present study (6.2%). 2 Additionally, when it occurs, it rarely has the serious consequences seen in the non-elective setting. Therefore, our findings should be interpreted with caution and without raising undue alarm. The value of the present study is thus more on the informative and descriptive than on the decision side. In our opinion, the small number of unexpected 'full stomachs' documented in our series does not justify an ultrasound examination on every patient presenting for elective surgery. We must consider that all tests have a certain proportion of false-positive and false-negative results (albeit not yet fully defined for gastric ultrasound) and may even be inconclusive in a small percentage of instances. Therefore, for patients who have either a low or high pre-test probability, a gastric ultrasound examination will probably provide only a very small incremental precision in the diagnosis of full or empty stomach. We therefore concur with a recent editorial, which suggests that routine ultrasound measurements of gastric contents will become part of our practice each time there is any doubt as to residual gastric volume and the optimal strategy to avoid aspiration 34 (i.e. when there is clinical equipoise and the pretest probability of having an empty stomach is of the order of 50%).
Possible clinical scenarios where gastric ultrasound may be useful are urgent or emergency surgery, the presence of severe co-morbidities that may prolong gastric emptying (diabetes, renal or liver dysfunction, or neurological disorders), unreliable or unclear history, and lack of adherence to fasting instructions. 6 35 As the diagnostic value of gastric ultrasound becomes better defined and more established, it is likely that its clinical applications will continue to grow. Our study has several limitations. First, as a retrospective study it is subject to information bias, selection bias, and measurement errors. We attempted to minimize information bias by following a standardized data-collection protocol for the entire cohort. However, not all pertinent factors that influence gastric emptying had been captured in the source database. For example, no information was available regarding chronic alcohol abuse or smoking. [36] [37] [38] [39] Additionally, previous studies on patients' compliance and understanding of fasting instructions reported that 8% considered fasting before a surgical procedure to be non-essential and that 4% would consider misrepresenting their fasting status. 40 41 A study in paediatric patients reported that 13% of parents might deliberately hide the real fasting status of a child. 42 All ultrasound examinations were supervised by a single staff anaesthetist, which minimized performance bias. Selection bias was minimized by including all patients identified in the source database but not completely eliminated, as this was not strictly a random sample. Measurement errors were minimized at the time of original data entry by using a standardized scanning protocol. Second, given the overall low incidence of full stomach in a fasted surgical population, our study lacks the power to correlate this incidence with specific co-morbidities. Finally, our results are applicable only to similar patient populations (i.e. fasted elective, ASA I-III, non-pregnant, adult patients).
Further research is warranted to define the normal distribution of baseline gastric volume in the general population and more clearly define a volume threshold over which aspiration risk increases significantly. Larger population-based studies could better define the relative risk associated with specific patient factors and co-morbidities.
In conclusion, this retrospective cohort study suggests that a small proportion of elective surgical patients may present a full stomach despite recommended fasting. Further research is needed to establish the clinical implications of these findings in the elective setting. At the present time, the clinical role of gastric ultrasound continues to be for the evaluation of gastric contents to guide management when the risk of aspiration is uncertain or unknown.
